In September 2009, the administrator of the US Environmental Protection Agency announced White House-backed principles for modernizing the Toxic Substances Control Act (TSCA), the US legislation that regulates potentially toxic chemicals. This request for lawmakers to give the EPA authority to require manufacturers to provide sufficient exposure, hazard, and use data to allow meaningful risk characterization was a very important, and bold, step toward ensuring the safety of chemicals. Another major step in this direction has been the innovation that researchers have demonstrated by modifying molecules-by design-so that they manifest no hazards while in use and then degrade safely. Taken together, these steps signal the beginning of a new era of chemical risk management. Advanced exposure science is critical to the efficient and effective prevention and management of chemical risks. Fundamental exposure research in this area is transforming not only the pace of our analyses but the depth of our insights.
We now have the scientific tools to begin a new era of chemical management, an era in which exposure science will be more critical than ever. Administrator Lisa Jackson announced principles for modernizing the TSCA. These principles highlight the need to review all manufactured chemicals against safety standards protective of human health and the environment, with special consideration of exposures and effects on vulnerable groups, including children. Under these principles, policy reform will encourage innovation in green chemistry and sustainable chemical design. We are witnessing this innovation today as researchers modify molecules, by design, so that they do not manifest hazards; i.e., chemical and physical properties of chemicals are being modified to realize important benefits while minimizing undesired exposures. These advances are leading us down the road to safer and more sustainable chemicals and processes.
Ensuring the safety of chemicals

IMPACT AND IMPLICATIONS FOR EXPOSURE SCIENCE
EPA research in chemical risk assessment provides the foundation for policy decisions and regulatory actions that facilitate management of hazardous chemicals. Creative advances in exposure science are required for efficient and effective evaluation, prevention, and management of chemical risks (Sheldon and Cohen Hubal, 2009) .
One of the greatest challenges is how to screen chemicals for potential risks so that scarce resources can be devoted to the chemicals of greatest concern. The EPA is conducting research to identify and address gaps in required exposure information to meet this challenge. For example, the agency's Office of Research and Development recently implemented its ExpoCast program, which aims to develop novel approaches and metrics to efficiently screen and evaluate chemicals on the basis of biologically relevant human exposures, i.e., exposures that can be directly linked to key events leading to toxic response (Cohen Hubal, 2009 ). Combining information from ExpoCast with information from ToxCast-a battery of rapid screens being studied by the EPA to determine whether they can predict toxicity (Dix et al., 2007) -will help the agency to identify priority chemicals for evaluation based on the potential to harm human health. The properties of a chemical, whether naturally occurring or manufactured, that confer a useful function may be the same properties that can be harmful under the wrong conditions. Important industrial sectors, including energy, agriculture, plastics, cosmetics, electronics, and pharmaceuticals, require the manufacture of chemicals. The challenge is to understand how best to develop, manufacture, use, and dispose of chemicals in order to manage risks and minimize, if not eliminate, harm. To minimize dangerous exposures, products should be engineered to break down into innocuous compounds that do not persist in the environment beyond the useful life cycle of the product. Simply put, we must manage chemical risks by design.
To address society's need for safe and effective chemicals, a transformation is occurring in the framework for design, manufacture, and management of chemicals (Anastas, 2009 ). Principles of green chemistry require holistic consideration of integrated environmental, economic, and social factors. Here, too, exposure science is critical. Exposure is the contact between an individual or group and an environmental chemical. Prediction of potential exposures across the product life cycle for all chemical classes and use scenarios is required under green engineering principles to minimize potential health risks to all vulnerable groups.
Why do we need innovative, quality exposure science to assure chemical safety?
• Exposure information is critical to preventing, minimizing, and managing risks-by creative design-without forgoing the important benefits of chemicals. Understanding exposure sources and pathways will facilitate green chemical and product design, safe use, and prevention of adverse health consequences to people and to the environment.
• A systems-level understanding of how humans interact with environmental chemicals is required in order to predict unintended consequences. Fundamental knowledge of exposure is essential to an understanding of how chemicals end up in unanticipated places. By collecting and evaluating detailed exposure data on existing chemicals, we can develop metrics that can be used to predict use and behavior of proposed and emerging chemicals.
• Exposure surveillance is required to proactively identify potential risks from chemicals in commerce. Chemicals show up in unexpected places long before their impact on health and the environment is understood or evaluated. As we manufacture and release new chemicals, or existing substances are used in new ways, exposure monitoring will provide an early indication of a chemical's behavior in our homes, communities, and environment. For example, small-scale biosensors can be developed to detect specific sets of environmental agents in air, water, and food, and even in our bodies. In this way, intervention to prevent or eliminate unexpected sources of exposure can be implemented prior to the identification of potential health consequences.
• Clear exposure information is required to make educated personal decisions. Good exposure information on chemicals found in the products we use and in our communities enables us, as individuals, to make educated decisions to protect our health and the environment. Publicly available and accessible exposure science will empower individuals and communities to choose chemical-based products and services that are safe and effective.
